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5.1 OVERVI EW

Radiumis a naturally-occurring nmetal that is al nost ubiquitous in
soils, water, geologic materials, plants, and foods at | ow
concentrations. The utilization of radium uranium and fossil fuels
has resulted in the redistribution of radiumin the environment by way
of air, water, and land rel eases. The concentration of radiumin
natural water is usually controlled by adsorption-desorption reactions
with minerals and rocks and by the solubility of radium containing
mnerals. In addition, radiumis constantly being produced by the
radi oactive decay of its precursors, uranium and thorium Radium does
not degrade ot her than by radi oactive decay at rates which are specific
to each of four naturally-occurring isotopes. The concentrations of
radi um 226 and radi um 228 in drinking water are generally | ow, but there
are specific geographic regi ons where high concentrations of radium
occur due to geol ogic sources. Radium nmay be bioconcentrated and
bi oaccunul ated by plants and aninmals, and it is transferred through food
chains fromlower trophic |evels to hunans.

The frequency of NPL hazardous waste sites in the United States at
whi ch radi um has been found at hi gher than background | evels can be seen
in Figure 5-1.

5.2 RELEASES TO THE ENVI RONMENT
5.2.1 Air

The conbustion of coal nmay be the npost inportant nmechani sm for
rel easing radiuminto the atnosphere. The nean concentration of
radium 226 in coal is on the order of 1 pC/g (0.04 Bg/g). Wen
conbusted, radiummay volatilize, then condense onto coal fly ash
particles, which in turn may be rel eased from power plants as fugitive
eni ssions. The concentrations of radium226 in fly ash have ranged from
1to 10 pCi/g (0.04 to 0.4 Bg/g) (Coles et al. 1978; Ei senbud and Petrow
1964; Morris and Bobrowski 1979).

The radi um 228 content of fly ash has varied from1.8 to 3.1 pC /g
(0.07 to 0.12 Bqg/g) (Eisenbud and Petrow 1964). If it is assuned that
the total radiumcontent of fly ash is 5 pC/g (0.19 Bg/g), and that 1%
of the ash generated at all coal-fired power plants in the United States
escapes into the atnosphere, then an order-of-nagnitude estinmate of the
amount of radiumrel eased each year would be 2.2 G (81, 000, 000 kBq)
(Roy et al. 1981). Eisenbud and Petrow (1964) estimated that a single
| OO0 negawatt coal -fired power plant w Il di scharge about 28 n(Ci
(1,037,000 kBg) of total radium per year. Radium 226 has been detected
in soils inindustrial regions at levels up to 8.1 pCi/g (0.30 Bg/Qg)
(Jawor owski and Gryzbowska 1977).
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d obal rel eases of radium 226 by the conbustion of coal have been
estimated as 150 G (5,550, 000,000 kBg) per year (Jaworowski et al
1971). It has al so been observed that radium 226 concentrations in
glacial ice sanples collected in Europe have increased by a factor of
100 during the last 80 years. The source of these elevated | evels of
radi um may have been em ssions fromfossil fuels (Jaworowski et al
1971).

Anot her potential source of atnobspheric radiumis particulate
matter created by uraniumnining and mlling operations. However, no
i nfornmati on was | ocated on estinated rel eases or atnospheric
concentrations.

5.2.2 Water

The nost significant water-rel ated rel eases of radi um may be from
the |l eaching of uraniummine tailings and fromthe rel ease of ore
-processing effluents generated by | eaching, decantation, and filtration
processes. Approxinmately 97 mllion tons of mne tailings that contain
an estimated 60,000 G (2.2 x 10° kBq) of radi um 226 have been
stockpiled at the surface in the western United States (Kaufmann et al
1976). It has been estimated that 10 mllion tons of uranium m ne
tailings are generated each year in Canada (Kalin 1988). Laboratory
extraction studies (Havlik et al. 1968a, 1968b) have denonstrated that
radi um 226 nmay | each fromsolid wastes, particularly by acidic
wast ewat ers. Surface runoff and | eachate from urani um m ne tailings
have cont ai ned radi um 226 ranging from38 to 116 pC/L (1.4 to 4.3 Bg/L)
(Kalin 1988; Swanson 1985). Untreated uraniummlling effluent has

contained radium 226 at up to 2.2 puG /L (81 kBg/L) (Sebesta et al
1981). In the past, leachate frommnine tailings containing radium 226
concentrations of 53 to 292 pG /L (2 to 11 Bg/L) has been deep-well
injected (Kaufmann et al. 1976). Approximately 2,000 to 3,000 G

(74, 000, 000,000 to 111, 000, 000,000 kBg) of total radioactivity were

rel eased to the subsurface by two uraniummnills in New Mexi co. No
information was | ocated on the total amount of radiumrel eased to the
environnent by water-rel ated di scharges. As discussed in Section 5.4.2,
however, concentrations of radium 226 and radi um 228 found in surface
and ground water sources have generally been | ow.

5.2.3 Soils

Land rel eases of radiumare related to atnospheric fallout of coa
fly ash (see Section 5.2.1). For exanple, elevated radium 226
concentrations in snow have been detected near a coal-fired power plant
in Poland (Jaworowski et al. 1971). Oher |l and rel eases may include the
di sposal of coal fly ash, lime slurry derived fromwater softening
processes, and uraniummne tailings and associ ated w nd-bl own dusts.
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However, no information was | ocated on the total anmount of |and-rel eased
radi um

5.3 ENVI RONVENTAL FATE

Radi um may be transported in the atnosphere in association with
particulate matter. It exists primarily as a divalent ion in water, and
its concentration is usually controlled by adsorption-desorption
nmechani sns at solid-liquid interfaces and by the solubility of radi untontaining
m neral s. Radi um does not degrade in water other than by
radi oactive decay at rates that are specific to each isotope. Radium
may be readily adsorbed by earth materials; consequently, it is usually
not a nobile constituent in the environnent. It nmay be bi oconcentrated
and bi oaccurmul ated by plants and animals, and it is transferred in food
chains from!lower trophic | evels to hunans.

5.3.1 Transport and Partitioning
5.3.1.1 Air

Radi um may be transported in the atnosphere by the nmovenent of
particulate matter derived fromuraniumand coal utilization (see
Section 5.2.1). These fugitive em ssions would be subject to
at nospheric dispersion, gravitational settling and wash-out by rain

No data were | ocated on the residence tinme of radiumin the
at nosphere or its deposition rate. However, data for other elenents
adsorbed to particulate matter indicate that the residence tinme for fine
particles is about 1 to 10 days (EPA 1982b; Keitz 1980). Radi um may,
therefore, be subject to |long-range transport in the atnosphere.

5.3.1.2 Water

Radi umin water exists prinarily as a divalent ion (Raﬂ) and has
chemical properties that are simlar to barium calcium and strontium
The solubility of radiumsalts in water generally increases with
i ncreased pH I evels. The solubilities of radiumsulfate and carbonate
are low, the solubility constants for crystalline RaSO, and RaCO, have
been estimated as 5.495 x 10" nole/L and 5.01 x 10°nol e/ L, respectively
(Langnuir and Riese 1985). Radiumnitrate, chloride, and iodate are very
soluble in water (Anes and Rai 1978). However, the concentration of radiumin
water is usually controlled by adsorptiondesorption reactions at solid-liquid
interfaces which are in turn influenced by pH (see Section 5.3.1.3) or by the
di ssolution and coprecipitation of mnerals that contain radi um (EPA 1985a;
Langmuir and Riese 1985). The tendency for radiumto coprecipitate with barite,
and sparingly soluble bariumsulfate, as (BaRa)SO, is well known. Moreover
wat er treatnent by adsorption and water-softening techniques are thought
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to be effective in reducing radiumin untreated drinking water (Watson
et al. 1984). Therefore, it is likely that radiumin water does not
mgrate significantly fromthe area where it is rel eased or generated
(EPA 1985a). Limted field data al so support the generalization that
radiyn1is not nobile in groundwater (Kaufmann et al. 1976; Swanson
1985).

5.3.1.3 Aquifers, Sedinents, and Soils

Radi umin water may be readily adsorbed by sedinments, soils, and
aqui fer conmponents. It has been experinentally denonstrated that radi um
can be adsorbed by soils and sedinents (Benes and Strejc 1986; Landa and
Reid 1982), ferric hydroxide and quartz (Benes et al. 1984; Valentine
et al. 1987), kaolinite and nmontnorillonite (Benes et al. 1985), and
nuscovite and albite (Benes et al. 1986).

Partition coefficients such as adsorption constants (K,;) describe
the tendency of chemicals to partition to solid phases from water
Adsorption constants for inorganic ions such as Ra* cannot be predicted
a priori because they depend on the type of adsorbent, the pH of the
wat er, and the presence of other ions in solution. Ky values for sand
have varied from18 to 1,742 m./g in the pHrange of 7.4 to 8.3 (Benes
et al. 1984; Valentine et al. 1987). Ky values for clay mnerals and
ot her common rock-form ng mnerals have ranged from 2,937 to 90,378 nlL/g
in alkaline solutions (Benes et al. 1985, 1986). Simlarly, Kg for
soils in alkaline solutions have ranged from 214 to 467 nL/g (Anes and
Rai 1978). Adsorption constants based on field studies with | ake
sedi nrents have varied from 205 to 15,833 nL/g (Swanson 1985). The
magni t ude of these adsorption constants indicate that partitioning to
solid surfaces is a major renoval mechani sm of radiumfrom water
Swanson (1985) concl uded that about 90% of the radi um 226 rel eased by
uraniummne effluent to two small | akes was adsorbed by the | ake
sedi rents and al gae-detrital material

The renoval of Ra’ by adsorption has been attributed to ion
exchange reactions, electrostatic interactions with potential deternining
ions at mneral surfaces, and surface-precipitation wth
BaSO,. The adsorptive behavior of Ra* is similar to that of other
di valent cationic nmetals in that it decreases with an increase in pH
and is subject to conpetitive interactions with other ions in solution
for adsorption sites. In the latter case, Ra® is nore nobile in
groundwat er that has a high total dissolved solids (TDS) content. It
al so appears that the adsorption of Ra’by soils and rocks may not be a
conpletely reversible reaction (Benes et al. 1984, 1985; Landa and Reid
1982) . Hence, once adsorbed, radiummy be partially resistant to
renoval , which would further reduce the potential for environnenta
rel ease and human exposure.
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5.3.1.4 Plants and Ani mal s

Transfer fromsoil to plants. Radiumin the soil nmay be readily
absorbed by plants, depending on the specific plant type and soil (Rayno
1983). El evated concentrations of radi um 226 above background | evel s
have been detected in areas where radi um and/or uraniumwas nined or
processed (Kalin 1988; Rayno 1983; Tracy et al. 1983; Watson et al
1984). The partitioning of radium 226 to plants fromsoils has been
estimated by nmeasuring the ratio of radiumactivity (or concentration)
in the plant mass to that in the host soil. Soil-plant transfer
coefficients or concentration factors have ranged from1.1 x 10° to 6.5
(Rayno 1983; Tracy et al. 1983). Watson et al. (1984) concluded that a
reasonabl e radi um 226-concentration factor for fruits is 3 x 10° and
that 0.1 describes the partitioning of radium 226 to forage and hay. An
unwei ght ed nmean concentration factor for grain was 0.63. No information
was | ocated on soil-to-plant transfers for radi um 228; however, its
properties in this regard nay be sinmilar to those of radi um 226.

Transfer fromplants to cattle. There is a potential for human
exposure to radi umby the consunption of beef and milk derived from
cattle who graze on forage grown in soils containing radium The mean
ratio of radium226 in mlk to that in the animal's diet has been
estimated to be 3.8 x 10° (Watson et al. 1984). A sinilar ratio or
transfer coefficient for flesh was 6.8 x 107,

Transfer fromwater to aquatic organi snms. Aquatic organi sms such
as fish, snails, clans, and al gae can bi oaccurmul ate radi um from wat er
Bi oconcentration factors (BCFs) for fish living in streams or | akes
recei vi ng urani um processi ng waste effluent have ranged from1 to 60 for
flesh portions, and from40 to 1,800 in bone sanples (Markose et al
1982; Swanson 1985). It has been proposed that bottomfeedi ng organi sms
i ngest suspended solids containing adsorbed radium then are in turn
consuned by | arger predatory fish.

5.3.2 Transformati on and Degradati on
5.3.2.1 Air
Pure netallic radi um oxi di zes when exposed to air, but radi um

conpounds suspended in air are not subject to transformation or
degradati on nechani sns.
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5.3.2.2 Water

Radi umin water exists as a stable divalent ion; it probably does
not hydrolyze nor is it significantly influenced by oxidation-reduction
reactions (Anmes and Rai 1978). The solubility of radiumsalts is
i ncreased with increasing pH I evels.

5. 3. 2.3 Soi

Radi umin soils and sedi nent does not bi odegrade nor participate in
any chenical reactions that transformit into other fornms. The only
degradati on nechani smoperative in air, water, and soil is radioactive
decay. Radium has 16 known i sotopes (see Chapter 3), but only 4 occur
natural ly (Radi um 223, -224, -226, and -228). The half-life of
radium 226 is 1,620 years. The half-lives of radium 228, radium 223,
and radi um 224 are 5.77 years, 11.4 days, and 3. 64 days, respectively.

5.4 LEVELS MONI TORED OR ESTI MATED I N THE ENVI RONMVENT

Radiumis a naturally-occurring netal and is al nost ubiquitous at
| ow concentrations in air, water, soil, rocks, and food. The medi an
concentrations of radium 226 and radi um 228 in drinking water are
generally | ow, but there are geographic areas where higher
concentrations of radiumare known to occur. The utilization of coa
and uranium has resulted in re-distributing radiumin the environnent,
but the overall effects appear to be small. Estinmated | evels of average
huan exrosure to radi um of non-occupational popul ations are presented in
Tabl e 5-

5.4.1 Air

Dust sanples collected fromthe at nosphere of New Yorg Cty were
found to contain radium226 at 8 x 10° pG/m (3.0 x 10° Bg/ m) and

radium228 at 1.5 x 10" pGi/m (5.6 x 10° Bg/m’) (Eisenbud and Petrow
1964). No other published data on anbi ent concentrations of radiumin
t he at nbsphere were | ocated.

5.4.2 Water

Radiumis a naturally-occurring and fairly ubiquitous netal at |ow
concentrations in water and rock-formng mnerals. It has been
estimated that the total mass of radium 226 in the earth's oceans is
about 150 tons (Fremin and Abu Jarad 1980). The occurrence of radi um
in ground, surface, and finished (treated) drinking water has been
assessed (Aieta et al. 1987; Cech et al. 1988; EPA 1985a; Hess et al
1985; Longtin 1988; Lucas 1985; M chel and Cothern 1986; Watson et al
1984). In general, shallow wells tend to have | ower radi um 226
concentrations than deeper wells, and the total content in nunicipa



TABLE 5-1.

Estimated Levels of Average Human Exposure to
Radium by Nonoccupational Populations

Typical Assumed Rate Assumed Estimated Estimated
Concentration of Intake of Fraction Intake?® Intake?
Isotope Medium In Medium Medium Absorbed (pCi/kg/day) {mBq/kg/day)
Radium-226 Air 8 x 1075 pCi/m3b 20 m3/day 0.2 5 x 1076 1.9 x 1074
Radium-228 Air 1.5 x 20 m3/day 0.2 9 x 1076 3.3 x 1074
1074 pCi/md
Radium-226 Water 0.9 pCi/L® 2 L/day 0.2d 0.005 0.19
Water 10 pCi/L® 2 L/day 0.2 0.057 2.1
Radium-228 Water 1.4 pCi/L® 2 L/day 0.2 0.008 0.30
Water 6.4 pCi./L:E 2 L/day 0.2 0.037 1.4
Radium-226 Food 0.6 pCi/kg® 2 kg/day 0.2 0.003 0.11

2Assuming a 70-kg adult.

bEjsenbud and Petrow (1964).

®Mean concentration from Longtin (1988).
dgee Section 2.3.1.2
€Mean concentration of noncompliance water (Hess et al. 1985).

fEstimated mean of noncompliance water assuming that the ratio 228Ra/226Ra is 0.64 (Lucas 1985).
8Estimated from Eisenbud (1973) and Bortoli and Gaglione (1972).

Air samples collected in New York City.
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(treated) water supplies is lower than that in raw well water (Watson
et al. 1984). The radiumcontent of surface water is usually very |ow
Radi um 226 generally ranges from0.1 to 0.5 pC /L (0.004 to 0.019 Bqg/L)
(Hess et al. 1985). Based on 990 random sanpl es of drinking water from
ground water sources, the average popul ati on-wei ghted concentrati ons of
radi um 226 and radium 228 in the United States (excluding Hawaii) were
about 0.91 pG /L (0.034 Bg/L) and 1.41 pG /L (0.052 Bg/L), respectively
(Longtin 1988). Approximately 90% of these sanples contained radi um 226
at less than 1 pG/L (0.04 Bg/L); simlarly, about 90% contai ned
radi um 228 at less than 1 pG/L (0.04 Bg/L). (These were not
necessarily the same water sources.) However, there were approxi mately
200 public water supplies with radium 226 activities after treatnent
that were in excess of the regulatory maxi mum contam nant |evel (MCL) of
5 pG (0.19 Bg) total radiumL (Hess et al. 1985). The nean radi um 226
activity of the supplies in excess of the MCL was about 10 pC /L

(0.37 Bg/L).

A survey on the occurrence of radium 228 in nunicipal water
supplies in Illinois, lowa, Mssouri, and Wsconsin indicated that the
activity of this isotope nmay range from0.3 to 32.0 pG /L (11.1 to
1,180 nmBg/L) (Lucas 2985), while Mchel and Cothern (1986) reported that
typical concentrations are less than 1 pG /L (37 nBg/L).

There are few data on the occurrence of radium?224 in water. It
has been specul ated that the activity of this isotope could approach 30
to 40 pG /L (1,110 to 1,480 nmBg/L) (EPA 1985a).

Data on the presence of radon in groundwater can be used as a gui de
to the presumably correspondi ng presence of radiumin the same source.
Based on descriptions of aquifer conposition or lithology and data from
state water-resource agencies, counties with potentially high |evels of
radon i n groundwater have been identified by Mchel (1987). These
estimates indicate that the U S. counties wth the highest |evels of
radi um woul d be found in many areas of the Wstern third of the country,
including large areas of California, Nevada, |daho, and Mntana.

W sconsin and M nnesota woul d al so have high levels. In the East, the
Appal achi an Mountain region including alnost all of Miine and New
Hanpshire woul d have high levels, as well as a |l arge section of central
Florida. It is inportant to note that quantitative estimates are not
avai |l abl e, and the potentially "high" values for radon and radiuminply
only a conparison to other areas, not necessarily a risk to hunan health
or the environnent.

5.4.3 Soi
The nmean concentration of radium 226 in 356 surface soil sanples

collected fromO to 6 cmin 33 states was 1.1 pCi/g (0.041 Bg/g) (Mrick
et al. 1981). This mean concentration is very simlar to those reported
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for typical igneous rocks (1.3 pCi/g or 0.048 Bg/g), sandstone

(0.71 pG /g or 0.026 Bg/g), shale (1.1 pC/g or 0.041 Bg/g), and
linmestone (0.42 pCi/g or 0.016 Bg/g) (Eisenbud 1973). The concentration
of radium226 in soils in Northern Italy was reported to average

0.72 pCi/g [range: 0.08 to 3.8 pCi/g (0.003 to 0.14 Bg/g)] (DeBortol
and Gaglione 1972), excluding regions with extrenmely high | evels of
natural radioactivity (no data presented).

The concentrations of radium?226 in soils that were contani nated by
mning or mlling activities have ranged fromless than 1 to 3,700 pCi/g
(0.037 to 137 Bg/g) (Kalin 1988; Landa 1984; Tracy et al. 1983). No
i nfornmati on was | ocated on the occurrence of the other radi umisotopes
in soil or rocks.

The presence of uraniumin soil can be used as an indication of
occurrence of radiumand radon in the same |ocation. Based on
geol ogi cal reports and data synthesized fromthe National Uranium
Resource Eval uati on (NURE) program areas with potentially high radon
levels in soil gas have been identified by Mchel (1987). These areas
woul d have correspondingly high soil radiumlevels, although
guantitative estinmates are not avail able. These urani um "hot spots"
occur with nmore frequency in the Western third of the United States, and
i nclude | arge areas of California and | daho. H gh concentrations have
been found in Wsconsin and M nnesota and a very dense area has been
identified in western M ssouri/eastern Kansas. In the East, high levels
appear generally al ong the Appal achi an nmountai ns and near industrialized
sites. High levels have al so been found in the northern to central
sections of Florida.

5.4.4 O her Media

Radi um 226 nmay occur in nmany di fferent foods, and reported
activities have varied considerably. The nean radi um 226 contents of
diets in 11 cities in the United States were estimated to be 0.52 to
0.73 pCi/kg of food consuned (0.019 to 0.027 Bqg/kg) (Eisenbud 1973).
Esti mates of the mean concentrations of radium226 in mlk and beef are
0.23 pG /L (0.009 Bg/L) and 0.22 pCi/kg (0.008 Bg/kg) (fresh weight),
respectively, in the United States (Watson et al. 1984). No infornation
was | ocated on the occurrence of radium 228 in food.

5.5 GENERAL PCPULATI ON AND OCCUPATI ONAL EXPOSURE

Maj or sources of exposure to radiumby the general population are
t he consunption of drinking water and food (Table 5-1). O the nany
radi onuclides found in nature, radiumis considered to be one of the
nost inportant because of its wi de occurrence in groundwater, and
because it, like calcium is retained in bone tissues (Aieta et al
1987). Bone cancer is the greatest health risk fromexposure to radium
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Based on assunptions about the concentration of radiumin drinking water
provided by utilities, the size of the popul ation consuning this water
and the associated risk of cancer, Hess et al. (1985) estimated that the
average concentration of radiumin drinking water may cause cancer in
941 persons per year in the United States. The risk of exposure to
radiumin food is uncertain because of the variability in diets and in
the radi um 226 content of foods. It has been estinmated that the yearly

i ntake of radium 226 for food in New York City is on the order of 640
pC (24 Bgq) (Ei senbud 1973).

Level s of occupational exposure to radiumare difficult to assess.
Workers who are occupationally exposed to radi umthrough the m ning and
processi ng of uranium are al so probably exposed sinultaneously to
uraniumitsel f, thorium and radon by inhalation and probably derna
exposure. N elson and Rogers (1981) suggested that inhalation exposures
during uraniumnining and mlling operations involving crushing,
gradi ng, or blasting are the nost significant routes of exposure. There
is al so sone concern about ingesting dust at processing plants (D xon
1985). It has al so been suggested that inhalation of
fugitive emi ssions frommnine tailings could be locally significant
(Ruttenber et al. 1984), but radiumspecific data were not | ocated.

5.6 POPULATI ONS W TH POTENTI ALLY H GH EXPOSURES

The popul ations at greatest risk of exposure fromthe consunption
of drinking water with a high radiumcontent are |located in the Piednont
and Coastal Plain province in New Jersey, North Carolina, South
Carolina, and CGeorgia and parts of Mnnesota, lowa, Illinois, Mssouri,
and Wsconsin (Hess et al. 1985; Longtin 1988). It has been estinated
t hat about 600, 000 peopl e consune water with radi um 226 concentrations
in excess of the MCL (5 pG /L or 0.19 Bg/L) in Illinois, lowa, Mssouri,
and Wsconsin. Isolated occurrences of high radium 226 have al so been
detected in Arizona, New Mexico, Texas, M ssissippi, Florida, and
Connecticut. There is also a high probability of exposure to high
radi um 228 concentrations in many of the states |listed above in addition
to parts of California, Colorado, |daho, Mntana, New Mexico, and
Woning (Mchel and Cothern 1986).

It has been suggested that uraniummniners and mllers who are in
chronic contact with dust are at risk. However, such workers are
si mul t aneously exposed to several radionuclides and no generalization
specific to radium can be made.

5.7 ADEQUACY OF THE DATABASE
Section 104(i)(5) of CERCIA, directs the Admi nistrator of ATSDR (in

consultation with the Adm nistrator of EPA and agenci es and prograns of
the Public Health Service) to assess whet her adequate information on the
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health effects of radiumis available. \Were adequate information is
not avail able, ATSDR, in conjunction with the National Toxicol ogy
Program (NTP), is required to assure the initiation of a program of
research designed to determine the health effects (and techni ques for
devel opi ng methods to determ ne such health effects) of radium

The foll owi ng categories of data needs have been identified by a
joint teamof scientists fromATSDR, NTP, and EPA. They are defined as
subst ance-specific informational needs that, if known, would reduce or
elimnate the uncertainties of hunan health assessnment. Each data need
di scussion highlights the availability, or absence, of the rel evant
exposure information. A statenment that reflects the inmportance of
identified data needs is also included. In the future, these data needs
will be evaluated and prioritized, and a substance-specific research
agenda wi ||l be proposed.

5.7.1 ldentification of Data Needs

Physi cal and Chemical Properties. Although sone of the physica
and chem cal properties of radium and radi um conpounds have not been
det erm ned, nany of those that are needed to evaluate its behavior in
the environment are known. The adsorption-desorption behavior of radium
wi th geol ogic materials depends on the specific systemunder study and
shoul d be determ ned on a case-hby-case basis. Al so, thernodynan c and
kinetic data for solid solution fornmation are scarce. Research in this
area would facilitate nodeling the fate of radiumin water

Production, Inport, Use, and Disposal. Radiumis apparently used
only in small quantities (e.g., in laboratories) in the United States.
The quantities discharged to the environnent fromthis source are
probably insignificant conpared to naturally-occurring radium However,
data on actual anmounts of radiumcurrently in use and anounts di sposed
of as waste would be useful in estimating human exposure potenti al

Envi ronnental Fate. Studies of releases of radiumthat result from
urani um m ni ng and processing woul d be hel pful to fully assess the tota
amount and environnental fate of radiumrel eased to the environnent.
Field data on the nobility of radiumin groundwater would al so be
hel pful in attenpts to predict its potential for occurrence in sources
of drinking water at renpte sites.

Bi oavai lability from Environnental Media. Data on the absorption
of radium fromenvironnmental nedia via inhalation, oral, and dernal
exposure woul d be useful in determ ning potential risks for organisns
(humans, animals and plants) that have been exposed to radiumin air
soil, or natural waters.



57

5. POTENTI AL FOR HUMAN EXPOSURE

Food Chai n Bi oaccunul ati on. The existing information indicates
that radi um may be transferred through the food chain fromlower trophic
| evel s to humans. Additional monitoring studies in areas where radi um
occurs naturally at high concentrations in soil would be hel pful to
determine if this pathway is a significant route of exposure. The
transfer of radium 228 fromsoils through the food chain has not been
assessed.

Exposure Levels in Environnental Media. The concentration of
radi um 226 in drinking water has been the subject of nunerous studies,
and average val ues are reasonably well known. It appears that enphasis
could be given to nmonitoring radi um 226 concentrations in regi ons where
hi gh concentrations are expected to occur ("hot spots"), such as regions
with high levels of natural radioactivity, in the vicinity of uranium
mning and milling operations, and at NPL and ot her hazardous waste
sites. Information on the occurrence of radiumin the atnosphere would
al so be useful in helping to predict exposure via inhalation

The occurrence of radium 228 has not been as well established, and
addi ti onal data would be hel pful, particularly in geol ogic regions where
hi gh concentrations are likely. There is virtually no information on
the occurrence and | evels of radium 223 and radi um 224 in drinking
wat er. The occurrence and | evels of any of the isotopes of radiumin
food are highly variable, and additional data would facilitate exposure
esti mat es.

Exposure Levels in Humans. There is no infornmation avail abl e on
t he general background |evels of radiumin human tissue. Information on
these levels, especially in the skeleton, would be especially useful as
a neans to nonitor continuing exposure to radium

Exposure Regi stries. A national exposure registry for persons
exposed to radi umwas not | ocated but would be useful in relating
factors such as age, sex, season, geography, regulations, environment
and other factors to neasured exposure concentrations and health
out comnes.

5.7.2 On-going Studies

The EPA is presently conducting a survey called the Nationa
I norgani cs and Radi onuclides Survey (NIRS). This study has been ongoi ng
since 1981, and prelimnary reports have been published. These
data are still being analyzed for the establishment of revised interim
drinki ng water regul ations.








